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FLIGHT TESTS OF A GLIDER MODEL TOWED BY TWIN PARALLEL TOVLINES

By Marvin Pitkin and Marion 0. écKinney, Jr.
SUMMARY

The stability chaeracterigtics of a glider towed Dby
twin parallel towlines have been studlied in the HACA free-
£flight tunnel. A preliminary theoretical analysis of the
stablility of a glider restrained from yawlng was followed
by an experimental investigation of the stablility of a
model towed from fixed tunnel points in guch a way as to
einulate tow in level flight. A range of dihedrel anglesg
from «~4° to 10° wag covered for towline lengths of 1, 2,
and 3 glider-epan lengthse. In addition, the effect of
flizsht-path angle was investigated. The effect of the
glider on the towing aircraft was determined by later
tegts in which the glider wag attached to a free-flying
model.

The results of ths tcets confirm ths theoretical anal-
yels and indicate that a pilotless, stadble, towed-glider
system ig possible when twin parallel towcables are uged,
The degree of lateral stability of such a system was found
to bte chiefly dependent upon the dihedral angle. Unstable
osclllatlions were observed for large angles of dihedral
and divergences were sncountered with negative angles of
dihedral.

INTRODUOTION

Load-carrying gliders have many military applicatione.
If exlsting alrcraft are utilized as tugs, troops and their
full equipment may be transnorted great distances without
sacriflcing any of the combat utility of the tug. The
glider may be also used to carry additional fuel, which
would thereby extend the range of the tugs.

A szevere limltation to tke scope of glider avovlication,
however, 1s the problem of obtaining satisfactory stability
of the towed aircraft. Thig lack .of stebility has made it
necessary, ln most cases to date, that each glider have its
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own pilot to make the necessary corrections to hold the
glider on its course. In blind towing, either at night

or in bad weather, the glider pllot loses orientation with
the towing aircraft and thus has difficulty in avolding
accidents. It appears extremely degirable, therefore, to
attain inhereat stability in a towed glider. Some succesgs-
ful work has been done in connection with the problem of
towing gliders with single towlinesg but the problema have
beexn conglderable. .

In order to reduce the complexity of the problem a
dyadic towline system, shown in figure-l, has been deviged.
Thig gystem restrains the glider from yawing, thus limit-
ing the lateral motion to two degrees of freedom and alsgo
provides additional lateral stability.through action of
the towlines. The sgtability of thig glider system has
been determined from an analysis of the equations of motion=<
and from tests of a dynamic model in the free-flight tunnel.
For simplicity., only the results of the experiments are ,
€lven in the present report.

" APPARATUS

-~

The tests reported herein were made in the NACA free-
flight tunnel, a complete deacription of which will be
found in reference 1l.

A 1/20-scale model of the Bristol glider-tow target
Igkeet" was chosen for the tests, inasmuch as unpublished
full-acale data as well as data obtained for single towline
tests were avalladble at LMAL. A three-view drawing of the
model is gliven as flgure 2. The fuselage conglgted of two
perpendicular planes each outlining the projected shape of
a conventlional fuselage. The dimensional characteristics
of the full-scale glider are given in the following tadle:

Wing area, square fest . v « « « + o o o o s s+ o o « » 173 |
Horizontal tail area, square feet . . . . . , + « « BH6,1 "
Vertical tall area, squere feet . . . . . . ¢« . . « 110.5
Wing gpan, feete . o« « ¢ o « v o + ¢ o o o o ¢ o o« o« B4.4
“Over-all length, feoet. . . « « ¢ « ¢ ¢ o ¢ o s o « » 29.8

Inasmuch as the original wing loading of the full-
_ scale Bristol glider was too low (2.08 1b per sq £t) to .
repregent the wing loading of a modern load-carrying glider,
the model was ballasted to represent a full-gcale weight of
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2976 pounde and a wing loading of 17.2 pounds per square
foot. The maegs characterlistics of the scaled-up glider
are as follows:

Wolght, poundas . . « « ¢« ¢ ¢ &« ¢ ¢ o ¢« ¢« ¢ o s s« . 2978
Wing loading, pounde per square foot . . . . . . . ,» 17.2
Ceater-of-gravity locatior in percent of M.A.C.. . . 24.0
Homont of inertia about X axis, Iy, slug-feet?. ., 2596

Moment of inertia about Y axis, Iy, slug—feeta. . 4063
Radiupg of gyration adbout X axis, kyx, feet.. . . . 5.30
Radius of gyration about Y azis, ky, feet . . . . 6,63

The nodel was congtructed of balsa with coanventional
control surfaces inetallcd to allow for trim adjustment.
8kid fins were mounted on esch wing tip to provide for
vertical variation of the towline attachment point ag
shown on figureg 1l and 2 and a dihedral-adjustment device
wae attachaed to the wings and fuselage.

Provision wag msde for the ingtallation of 28-percent-
span gpolilers located inboard at the l7-perceant- chord line
and also for the installation of 3b6-percent-chord solit
flaps of 39-percent span located at the 1nboard portiong
of the wing.

TESTS

\]

In order to simulate towed fligat, the model was
attached, fur most of the tests, by meuns of twin parallel
cableg to the wlire megh screen located just unstream of
the test section as shown in figurs 1,

Teopts were run to invegtligate the longitudinal sta-
bility characterlistics of the glider., PFor thess teste,
the points of attachmant of the towline were at different
vertical locations oa the glider. These attachment points
were locsted in the TZ plane for sll tests.

Togts for determining the lateral stadbpility cheracter-
iaticeg of the glider coverad a range of dihedrsl angles
buotveon -4° and 102 aod were run for glider lift coeffi-
cleuts of 0.30 snd 0.75 for towline lengthsg of 1, 2, and 3
glider-gpan lengths.

The effects of towing the glider in high and in low
positiong vith respect to the tug were studied and addi-
tional testa were made to obaerve the effects of varying
the flight-path angle of the tug.
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Finally, the glider was attached to a free-flying
model and the behavior of the complete system was observed,
The tug represented a 74-footrspan airplane weighing 32,400
pounds with a wing loading of 37.0 pounds per aquarh foot
based on the glider scale.

UHotion-picture records of each flight were made and
correlated with visual observations.

RESULTS AND DISCUSSION
' Longitudinal §tabllity’

The longitudinal stability of the glider was found to
be dependent malnly upon the vertical location of the tow~-
line attachment noint on the glider. TWith the towline
attached at points on the Y axlis of the glider, the lon-
gitudinal behavior was completely satisfactory. Moving
the attachment polint above or below the center of.gravity,
howvever, introduced sharp pitching as well as longitudinel
oscillations resembling the phugoid oscillation. The lon-
gitudinal behavior of the model was very jerky for these
conditions and sustained flights could not e obtained
for the larger values of displacement from tha center of
gravity.

Inagsmuch ag the model would maintein a constant angle
of attack (hence a constant 1ift coefficient) for any given
elevator pgetting despitg variation in airspeed of the tow-
ing ailrecraft, the glider would fly elther below or above
the level of the tug (low or high tow) depending upon
whether the alrspeed was low or high. This characteristic
of the glider could be uvtilized for the take—off and land-
ing maneuvers. Thus, on take-~off, the glider would be
trimmed for cruieing speed. The tmg would then take off
firet ard fly above the glider inasmuch ag the take-off
gpeed of the tug would be below the speed at which the
glider counld 1ift its own welght. At higher alrspeeds the
g€lider would move back and up relative to the tug, rotating
about the tug towline attachment polints untlil, at cruising
speed, 1t would reach the position set for normal flight.
For landing, this procedure would be reversed; the glider
would drop below the tug as lower speeds were reached and
would land first.
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. - . .- Lateral Stability..

Criteriong.~ The stability characterlstics of an air-
plane are those gualities which define the nature of the
motion after a deviation from en 4initial cdondition of
equilibrium. The motlon may be oscilllatory, congisiing of
& geries of osclllationg having a fixed perlod and a cer~
taln rate of increase or decrease in amplitude, or aperi-
odlc with a certain rate of returnm toward or deviation
from the equilibrium position. The preliminary theoreti-
cal study lndicated that the lateral motions of a glider
towed by twin parallel cables would conslet of one oscilla-
tory and two aperlodic modes, the damping of which would
determine the nature of the glider flights. It ia not
suffielent, however, for the glider Jjust to be stable - to
damp out oscillatory or: aperiodilc notions - because the
gllder is limjted to the fleld of motlon alloved 1t by the
cables and the toing aireraft. 3Beceuse of this restric-
tion, the glider mey destroy 1itself, even though ite
actions are steblliging, 1f those sciions require a larger
fleld of motion than that mliowed Dy the cables. Three
criterions were accordingly used to evaluate the nature 'of
the regsultes obtalued i1a tihe laternl astablility tests. Two
of these criterlions deal only with the inherent stabllity
of the glider (i.e., damping of t..e oscillatory and aperi-
odic motions); whereas the tiaird is conacerned with the
degree of stability inhereast in the glider system, or the
"gteadinese" of the flight. A conditioa that damps oscll-
latory and aperiodic motions moderately can be expected to
lead to steadlier flight than a conditina that damps oscll-
latory motions hesvily but aperiodic motions glightly
becauee snaller corrective motlonas are required of the
glider. Steadiness when used ag a flight rating in thisg
report therefore should be considered as an index of the
optimum damning and satlisfactory nature of glider flighta.

Evaluations of the nature of the osclllatory and
aperiodic phases of the glider flights were obtained
chiefly by examination of motion-plgture records, whereas
the steadiness ratingas were determined by visual observa-
tion of flighta. Most of the results are therefore necesg-
sarlly of a gqualitative nature.
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of dihedral were conducted at gero flight-path angle with
towlines horlizontal. The results are presented in table I.
Flight ratings are given for the oscillatory mode, the
aperiodic mode, and the steadinegs of each of the dihedral
tests run.



Dihedral angle appeared to be the major parameter de-
termining the stability of the glider flights. Tor level
tow the model would remaln steady for small through moder-
ately large, positive dihedral angles. All lateral oscil-
lations and aperiodic motlons damped out quickly in thig
range. Increasing the dihedral above thls range led to
unstable lateral oscillations and violent dlivergences oc-
curred when the dihedral was negative. The most steady
flights for level tow were obtalned for geometric dihedral
angles of 4% ana 6°.

Effect _of tow_length.- Increasing the towline length
apparently narrowed the range of dihedral angles at which
steady satisfactory flights could be obtained and a notice-
able lessening of stability was evident for all flights.
The action of the cables in reglsting slideslip was consid-
erably reduced and introduced probiems which had not been
encountered for short towlines.

Increased unsteadlness and aumplitude of lateral motions
were apparent throughout the 2- and 3-span tow tests and
the sengitivity of the model to changes in trim wase highly
increasud. Although satiefactory flights for l-span tows

could be obtained for a dlhedral raenge extending roughly
between 0° and 8°, gatisfactory flighte for 1onser towlinea
could only bve obtained when the dihedrnl was 4° or 6°
Flights made with dihedral angles of 2° and 0°, although
apparently stable 1ingofar eas laferal oscillations were
concernad, seemingly possesased llttle reslstance to glde-
glip and sustained flights were difflicult or imposslble to
obtain with such dilhedral. PFlightg mede with dihedral
angles greater than these values were less astable for
flights with the longer towlines than corresponding flights
with the ghorter towllnes and instadility occurred at

lower dihedral angles.

Effect of elevator setting.- Increasing the elevator
setting to lncrease the lift coefficient lessened the degree
of stabllity in the glider system. Thig lessening of sta-
bility was not noticeaonle in the l-span tow tests of the
model where the stabllizing action of the cable is large,
but was increasingly evident when longer towlines were
utilized. As shown in table I, steady, satisfactory flights
could not be obtained for 4 -gpan length tows when the
gllder wag trimmed to the higher value of 1ift coefficient.

Increasging the elevator setting resulted in a ghift 1in
the stable dihedral range. TFlights made at high 1ift
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coefficlents became ungtable at lower values of geomstric
dihedral than those made at lovw lift:coefficlents but
showed better aperiodic motion characteristics for low
and negative dihedrals. This effect appeares to be prima-
rlly dne to the change in effective dihedrsl with angle
of ettack, resulting in greater effective dlhedrals for
large values of 1l1ft coefficient. Full-scale data from
unpublizhed tests indicate that this difference in effec-
tive dihedral due to the change in angle of attack would
be of the order of from 2%.to 4° and the conclusion may
thueg be drawn that the stebility reversal points for this
model occur at approximately the same effective dikedrals.

Effect of tow angle.- The model was most stavle and
gtesdy when the towlines inclined dowanward from tug to
gllider. Xo case of ingtabtlity existed for positive
dikedral angles until the model approached the level tow
position. 1Increasing the airgpeed so that the model flew
above the screen towline posgition had an adverse effect
upon the lateral bohavior of the model, A reduction in
stsbility was apparent for all high-tow flights, and
flighte that had merzinal stability in the level position
bscame unsgtable in the high position. The beneficial ef-
fect of low tow was particularly emrhaslzed with the longer
tow lengths. Falrly satisfactory flights could be obtailned
at Oy = 0.75 even with the 3-gpan tow, provided tkat the

towlinepg were considerably inclined dowanward from thn
horizontal. Despite elevator setting, no flighte counld be
obtalined at 3-span-length toweg when the towing speed was
increased so that the towlines were even as little as 10°
ebore the level tow posltion.

Effect of flight path angle.- The theorsetlcal investi-
gation indicated that the stabllity of the gllder was a
function of cable tension and that the tenslion in the cabdle,
for any given glider weight, was primarily a function of
the magnitude of the difference (V4 ~ Y ) where Y revre-

sents the flight-path angle and the suoscripta t and g
identify this angle for the tug and glider, respectively.
In either case, Y 1a considered wmositive in the attitude
for climb. A decrease in W% or an increase in, ¥y might
therefore be expected to increase the tenmslon in the cable
and heuce the restoring forces of the towline system.

The effect of varying ‘Yt was first investigated and
was found to check the theory. Increasing the flight-path
angle of the tunnel to simulate climbing flight led to
increased steadiness of all flightg tested; whereas
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decreasing the tunnel angle to simulate diving conditions
led to legs steady glider flights which were finally ter-
minated when 7Y; became equal to Yz. At thls point the

cables were completsly slack and any tunnel disturbance
would cause the model to move about violently. The resgults
of thege tests indicated that some means other than eleva-
tor gsetting would have to be providéd for increasing w%

if gliding flights were to bve maintained. Inagmuch asg
either flaps or spollers accomplipgh thig result by decreas~
ing the . lift-drag ratio of the glider, their effectsg were
then investigated. The optimum dihedral angle of 4° was
utilized for all tests. )

The results of these tests showed that the installa-
tion of the partial-gpan split flaps deflected 45° decreased
the 7Yz term by only a few degrees, and the flap effects

were therefore gmall. Installation of spollers covering
the inboard 29 percent of the span, however, proved very
beneflcial to the glider-flight behavior. Completely sat-
igfactory flights could then be obtained at 1lift coeffi-
clents of 0.75 for 3-gpan-length towe and for tunnel (or
tug) flight-path angleg varying from 20° climb to 22° glide.
Flights were algo made for horigontal flight at a 1irft
coefficient of 0.30 and for & tow length of 4 gpan lengths,
but these were only mildly satisfactory and then only for
airgpeeds £t which the glider was below the tug. No flights
were posslble at 4—gpan tow lengthg when the svoilers were
removed.

The results of the flight-path-sngle tests tend to
explain the previously noted favorable effect of low ele-
vator settings, inagmuch ag the Wk term 1s larger nega-

tively for the low 1lift cosfficients and thus e1ds in main-
taining tension in the cavles.

BEffect of glider on towing airecreft.~ With the glider
attached to a free-flying model the stability of the glider
was egsentially unchanged and little effect of the glider
on the tug was noted. The glider followed the tug through
lte motlong and closely duplicated all lateral and longil-
tudinal maneuvering of the tug. Successful flights were
made with towlines of 1 and 2 span lengths. -Inassmuch as
the tug was in gliding flight, it was necessary to equip
the towed glider with spollers to steepen its gliding angle.
A photograph of the glider trair in gliding flight is vre-
sented es figure 3., The model flight tests indicated that
an inherently stable glider system can be obtained through
the use of twin parallel towllnes.
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CONCLUSIONS

Baged on preliminary theoretical and experimental in-
veptigatsiong of a model of the Bristol glider tow-target
Iskeet!, the following conclusions are reached:

l. A dyadlc gystem of parallel towlines which imposed
a restraint iu yaw nrovided satisfactory inherent stabil-
ity for a pllotless towed-glider system.

2. The lougitudinal stability of the glider was satis-
factory, provided thet the towline attachment to the glider
wing was made at the vertical as well as at the fore—-and-
aft locatlon of the center of gravity.

3. The lateral stability of the glider was influenced
chiefly by the dihedral settings of the wings.  The stead-
et stable flights were obtained with moderate dihedral
angles. Unstable lateral oscillatlions occurred for large
pogitive dihedral angles while lateral divergences were
encountered for negative dihedral angles.

4, Increaging the towline length was detrimental to
the lateral stability characteristics of the glider,
although guccessful flights were obteined with a 3-gpan
tow length.

6. Increasing the elevator sotting to trim the glider
at higher 1lift coefficients reduced tho lateral stability
for all glidor conditions.

6. A low poeition of the glider relative to the tug
had teneflicial effects on the lateral stabllity; whereas
a high position was detrimental.

7. There was a favorable effect of climbing flight
upon the stability cheracteristics of the glider, which
regulted in very steady flights for stable configurations.
Reducing the flight-path angle below the horisontal, how-
ever, geriously lessened the stability of tke glider and
prevented satigfactory flights at gliding angles grsater
than & few degrees. Satisfactory glider flights for
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negative flight-path angles were obtained, however, by the
use of spolilers, which had a highly beneficial effect on

the glider stability.

Langley Memorial Aeronautical Iaboratory,
National Advisory Committee for Aeronauntics,

Langley Field, Va.
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TABLE I
LATERAL STABILITY OF A GLIDER TOWED BY TWIN
CABLES IN HORIZONTAL FLIGHT®

:?gﬁz. ., One~span tow length Two-span tow length Three-span tow length
=|-Cy, hedral,lOscil)a- |Aperi- |Steadl=- |Oscilla-| Aperi- [Steadl- [Oscilla-~ Aperl-|Steadi-
r tory odic |ness of ] tory odic [ness of tory odic iness of
(deg) «mode modea [flight mode mode |[flight mode mode |flight
0.30| -4 ? D D - -- - - -- -
«30} =2 A c c- ? D D ? D~ D-
+301 O A B c+ ? D+ D ? D D
«301 2 A A B+ A c (o] A D D
<30 2 A A A A A Pt A A B
«30 Bt A A B+ A B B A B-
.30} 8 B~ A B+ B+ A B- B- A c
+«301 10 c+ A D+ c A c c- A D
0.751 =4 ? D D -- -- -- - -- -
.T51 =2 A B c - - - - -~ -~
-731 0O A A B 4 4 D - .- -
«5f 2 A A B 4 B c - -- --
75 % A A A A t B+ ? ? D
<75 A A A B B ? ? D
.75] 8 c A ¢ D A D -- - --
<75} 10 D A D - - -- - - -
a
Evaluation of ratings:
Ratings Oscillatory mode Aperiodic mode Steadiness

A High degree of oscillatory |High degree of Very steady flight
stability (oscillations convergence
damp out quickly)

B Marginal degree of oscil- Slight degree Steady flight
latory stability (oscillae- {of convergence
tiona eventually damp out)

Cc Marginal degree of oacil- Slight degree ’
latory instability (oscil- |of divergence Erratic flight
lations eventually build

up)

D High degree of osciliatory
instebility (oscillations {High degree of Violently erratic

build up quickly resulting| divergenoce fiight
in violent termznation of
flight)

+ Indicates cénditlon slighfly better than letter designated
- Indicates condition slightly worse than letter designated

L 4 ight too violent to obtain stability rating
- onfiguration not tested
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Fioure 2. — Detail of g-scale model of the Bristol glicer-
tow target 'Skeet” as tested in Free-flight tunnel.



Figure 3.- Photograph of test glider being towed in low position

by a free-flying model.
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